WC-Co base fine grained hardmetals with mean grain size of 0.5 -0.7µm are used as materials of tools such as piercing drills for PCB (printed circuit board), shear blade for paper and magnetic tape, and end mill for cast iron and steel parts, etc. . The hardmetal is a kind of particle dispersion strengthened alloys. This is produced by powder metallurgical process: the liquid-phase sintering of the mixed powder compact which consists of WC of about 0.5 µm as hard grains, Co of 1.5 µm as metallic binder matrix phase and also a small amount of VC, Cr3C2 and/or TaC of 2--3µm as WC grain growth inhibitor (the effectiveness is VC > Cr3C2> TaC3)). The mechanical properties such as hardness and wear resistance of the alloy are suggested to increase with decreasing mean grain size to less than 0 .5µm, based on the experimental relation between the mechanical properties and grain size, which was observed in the grain size range above 0.5 µm. On the other hand , WC fine powders with mean grain size of 0.035µm as well as 0.2--0.3µm have been commercially available from 1996-1997 asp One reason why the mean grain sizes of commercial fine grained hardmetals are selected above about 0. irrespective of the grain shape, as schematically shown in Fig. 3 : the atoms in the surface dissolve into the matrix solvent more easily with increasing dangling atomic-bond density. Namely, the dangling atomic-bond density of WC grains increases with decreasing grain size in the same way as that of spherical grain.
As for the rate-determining step of WC grain growth in fine grained WC-Co hardmetal doped with VC is considered to be the interfacial reaction (precipitation), based on the following experimental result and the mechanism for the grain growth inhibition by VC. The experimental result showed that a linear relation was observed between d,2 and tin the grain size range of 0.21-0.55µm, as shown in Fig. 46 ) The mechanism for the grain growth inhibition is considered as follows. •¬ These equations (2) The term of "5.52 x 10-2" in these equations and also in the latter equations (10) and (11) is originally of course "(8 1/ 32)K". Additionally, the total number of equations necessary for deriving these equations were 23. powder with a very narrow grain size distribution is not effective for the mean grain size below 0.1 µm, and (iii) the finding of new grain growth inhibitor extremely stronger than the present VC or the syntheses of new W base hard compound, e.g., W(C,N) are necessary for the development of fine grained hardmetal with grain size below 0.1 µm.
(4) The ground for the applicability of the Ostwald ripening mechanism to WC grains with triangular prism, the mechanism for the grain growth inhibition of WC by the adition of VC, etc., were also described.
